This study determines the ability of an isolated Trichosporon domesticum yeast strain to accumulate intracellular lipids in media with deproteinated potato wastewater (DPW) containing various carbon sources. The yeast strain was isolated from kefir and identified by internal transcribed spacer (ITS) region sequence analysis. The sequence was deposited in GenBank under accession number MH094668, and the strain was deposited in Polish Collection of Microorganisms as T. domesticum PCM 2960. DPW is an inexpensive and valuable source of nitrogen, potassium, phosphorus, and other elements in yeast cultures. DPW supplemented with glucose medium was most effective at stimulating lipid biosynthesis by T. domesticum PCM 2960 and bioreactor incubation resulted in a final lipid yield of 4.8 g L −1 . The lipids of the T. domesticum PCM 2960 biomass were characterized by high contents of linoleic acid ( Δ9,12 C18:2), oleic acid ( Δ9 C18:1), palmitic acid (C16:0), and α-linolenic acid ( Δ9,12,15 C18:3). Theoretical calculations for biodiesel properties showed that the methylated esters of lipids from T. domesticum PCM 2960 biomass cannot be used as a biodiesel in diesel engines. Additionally, the ability to produce biofilm as one criterion for pathogenicity was tested. The ability for biofilm formation by the isolated strain was low. This study provides a promising solution for the more economical production of microbial lipids with DPW.
Introduction
Microbial oils, known as single cell oils (SCOs), are lipids produced by oleaginous microorganisms including yeast, molds, and microalgae. SCO can be used for nutritional and/or energy purposes. Alongside Candida, Rhodotorula, Yarrowia, Rhodosporidium, Cryptococcus, and Lipomyces, yeast from the Trichosporon genera are identified as being oleaginous (Ageitos et al. 2011) . Screenings for oleaginous strains are still being performed (Lamers et al. 2016; Viñarta et al. 2016) . To reduce the cost of SCO production, low-cost substrates are essential. The search for an appropriate yeast should be directed toward strains that can grow on wastes generated by the agrifood industry.
It has been estimated that during starch processing, 1000 t of potatoes may produce about 600 m 3 of arduous liquid wastes (Bzducha-Wróbel et al. 2015) . The production of potato starch in the EU-27 countries exceeds 1.7 million tons per year. According to the latest report, titled "Potato Starch Market: Global Industry Trends, Share, Size, Growth, Opportunity and Forecast 2018-2023 ," the global potato starch market reached a volume of 3.6 million tons in 2017 and is anticipated to reach a volume of 4.0 million tons by 2023. Therefore, it can be calculated that the production of 1000 t of starch generates approximately 3000 m 3 of wastewater (calculation for high 20% starch content in potatoes only). This means the global starch industry produced approximately 10.8 million m 3 of potato wastewater in 2017. According to the forecast, this amount may increase to over 12 million m 3 by 2023. The thermal-acid coagulation of potato wastewater allows potato protein products to be obtained which are used for animal feed. Despite this procedure, remaining deproteinated potato wastewater (DPW) still appears in industrial wastes. DPW is characterized by a high value of chemical oxygen demand (COD) , with values from 20 g O 2 /L (Lubiewski et al. 2006 ) to 28.5 g O 2 /L (Kurcz et al. 2018) . It can be utilized by field sprinkling which may however lead to adverse eutrophication of water and soil sealing (Kosiek 1993; Lubiewski et al. 2006) in the natural environment. Therefore, there is a real need for the valorization of troublesome starch industrial wastes. The DPW can be used as a medium component that could replace tap water and is a source of nitrogen for yeast breeding. The scheme for DPW formation and the concept of its management for lipid biosynthesis is shown in Fig. 1 . The biomass of fodder yeast cultivated on DPW media can be used also as β(1,3)/(1,6)-glucans (Bzducha-Wróbel et al. 2015) or protein source (Kurcz et al. 2018) . Moreover, COD index value reduction during yeast cultivation was observed. For instance, COD value decreased by 74% in the medium containing only potato wastewater during C. utilis ATCC 9950 incubation and over 90% in medium supplemented by glycerol (Kurcz et al. 2018) .
Trichosporon is a genus of anamorphic basidiomycetous yeast which is widely distributed in temperate and tropical areas, rotting wood, sludge, soil, mushrooms, plants, leaf-cutting ants, birds, and mammals (Obana et al. 2010) . Trichosporon yeasts were isolated from rhizospheres contaminated with heavy metals (Ramos-Garza et al. 2016) . The genus Trichosporon is a medically important yeast that includes a number of species causing both deep-seated and superficial infections. It has been shown that the Trichosporon species can be divided into at least four distinct groups: serotypes I, II, III, and I-III (reacting with both factors I and III) (Nishiura et al. 1997; Sugita et al. 1997) .
Despite this, many representatives of the genus Trichosporon have great biotechnological potential. Among these, the D-xylose assimilating strain Trichosporon mycotoxinivorans can saccharificate sugarcane bagasse hydrolysate. Additionally, it shows both ethanol-tolerance and thermotolerance (Matos et al. 2012) . Extracellular β-glucosidase from Trichosporon asahii exhibits a good ability in hydrolyzing aromatic precursors that remain in young finished wine. It can be used for the enhancement and sensory evaluation of wines (Wang et al. 2012 ). The T. asahii strain can also effectively convert isoeugenol into vanillin with a high molar yield (Ashengroph and Amini 2017) . Phenylalanine ammonia lyase (PAL, EC 4.3.1.24) catalyzes the conversion of phenylalanine to trans-cinnamic acid (Gilbert and Tully 1982) . PAL from Trichosporon cutaneum can metabolize both Phe and Tyr, since the His-Gln motif (substrate selectivity switch region) is present and indicates the enzyme's ability to act on both substrates. The enzyme has an optimum pH in the range of 8.0-8.5 and an optimum temperature of 32°C and shows no metal dependence on the chloride salts of sodium, potassium, magnesium, or ferrum (Goldson-Barnaby and Scaman 2013). Trichosporon fermentans can produce lipids with various cheap substrates such as rice straw hydrolysates (Huang et al. 2009 ) and molasses (Zhu et al. 2008; Shen et al. 2015) or nitrogen-rich Jerusalem artichoke hydrolysates (Bao et al. 2018) . T. cutaneum produces biomass rich in oils after incubation on steam-exploded and three-stage enzymatic hydrolysis corn stover. An efficient and comprehensive process from corn stover to long-chain α,ω-dicarboxylic acids (DCAs) has been established by employing self-metathesis, capable of producing over long-chain DCAs and alkenes as by-products (Zhao et al. 2017) . DCAs are important platform chemicals and building blocks for biodegradable polymers (Ngo et al. 2006) . It is also possible to employ n-alkanes as inexpensive substrates for biotransformation into microbial lipids by T. cutaneum (Matakova et al. 2017) . This work determines the ability of the Trichosporon domesticum strain isolated from kefir to accumulate intracellular lipids in media with DPW containing glucose, lactose, and glycerol as carbon sources.
Materials and Methods

Isolation
The yeast strain was isolated from commercially available natural kefir within its shelf life period. Ten grams of a kefir sample was aseptically withdrawn and suspended in 90 mL of physiological saline. A 1 mL culture from this dilution was loaded on Sabouraud dextrose agar with chloramphenicol and incubated at 28°C for 72 h. Several passages using the streaking technique on Sabouraud dextrose agar and incubation at 28°C resulted in a pure culture yeast strain. The strain was stored in a freezer (− 80°C) in glycerol protection. Just before the research, the strain was activated by culturing for 24 h on YPD medium.
Identification by DNA Restriction Analysis Method
After 24-h culture in YPD (yeast extract 10 g L −1 , peptone 20 g L −1 , glucose 20 g L −1 ) medium, yeast biomass (2 mL) was centrifuged at 716×g and 4°C for 10 min. DNA from the yeast biomass was isolated following the protocol described by Gientka et al. (2017) . The internal transcribed spacer (ITS) region was amplified from yeast ribosomal DNA by PCR using primers ITS1 (5′-TCC GTA GGT GAA CCT GCG G-3′) and ITS4 (5′-TCC TCC GCT TAT TGA TAT GC-3′) (White et al. 1990 ). PCR amplification was done as follows: 1 min of 95°C initial denaturation, followed by 30 cycles of 95°C for 15 s, 55°C annealing for 15 s, and elongation at 72°C for 1 min, using DreamTaq polymerase (Thermo Fisher Scientific, USA). The PCR product was visualized on agarose gel. After a quality check, PCR was purified using Exonuclease I/Shrimp Alkaline Phosphatase Mix (Thermo Fisher Scientific, USA) and sequenced using BigDye Terminator v3.1 Mix on an ABI3730xl instrument in the DNA Sequencing and Oligonucleotide Synthesis Laboratory at the Institute of Biochemistry and Biophysics, Polish Academy of Sciences (IBB PAS, Poland). Sequence reads were assembled into a single contig using Seqman software (DNAStar, USA). The obtained consensus sequence was aligned against the GenBank database using BLAST. The sequence was deposited in GenBank under accession number MH094668.
Biofilm Formation
Biofilm formation was investigated by the method described by Messier et al. (2011) , with modifications. A yeast inoculum was added to Luria-Bertani (LB) broth (Oxoid) so that the initial yeast cell number was 10 5 c.f.u. mL −1 . This was then transferred to wells in 100-well flat-bottomed Honeycomb plates and incubated in Bioscreen C (Oy Growth Curves Ab. Ltd., Helsinki, Finland) at 37°C for 48 h. Then, the wells were washed three times gently with 10 mM phosphate-buffered saline (PBS, pH 7.2) and stained with 100 μL 0.1% crystal violet (Sigma-Aldrich, USA) for 30 min at room temperature (25°C). Excess crystal violet was removed by washing three times with PBS and suspended in 96% ethanol. The biofilm was quantified by measuring absorbance at wavelength λ = 600 nm. The tests were performed tenfold. The use of light wavelengths has been validated (data not shown), and there were no differences compared to λ = 570 nm. Interpretation of results was performed in accordance with the criteria established by Iturrieta-González et al. (2014) .
Media and Culture Conditions
DPW was obtained from the processing line of PEPEES SA (Łomża, Poland) and was sterilized (121°C/0.1 MPa/20 min) (HiCLAVE HG-80 autoclave, HMC Europe). After centrifugation (3200×g/20 min) (Eppendorf 5810 Centrifuge), the aim was to remove all precipitates formed during sterilization; glucose (50 g L −1 ), lactose (50 g L −1 ), or glycerol (50 g L −1 ) was added. The control media (YP) contained yeast extract 10 g L −1 , peptone 20 g L −1 and glucose, lactose, or glycerol (50 g L −1 ). The initial pH of the media was 5.6 ± 0.1 (0.1 M NaOH), and the entire mixture was sterilized (121°C/0.1 MPa/20 min).
The inoculating cultures (YPD medium) were incubated for 48 h at 28°C on a reciprocating shaker (SM-30 Control, Buechler, Germany) at a frequency of 200 cycles/min. Experimental cultures were incubated in flasks of 500 mL volume. The various media were inoculated by 10% (v/v) culture, and the cultures were incubated for 96 h at 28°C at a frequency of 200 cycles/min (SM-30 Control, Buechler, Germany). Each culture variant was replicated three times.
The experimental work was carried out in a 5-L BioFlo 3000 bioreactor (New Brunswick Scientific Co., Edison, NJ, USA) with a working volume of 3 L. Glucose was used as a carbon source at an initial concentration of 50 g L −1 and diluted with DPW. The agitation rate of the bioreactor was 300 rev min −1 , and air supply was maintained at a constant rate of 2 vvm and the growth temperature at 28°C. Foam formation was controlled by the addition of a silicon antifoaming agent (Sigma 204) to a final concentration of 1 ml L −1 .
Biomass Yield, Lipids, and Relative Composition of Fatty Acids
The biomass concentration was determined gravimetrically. Determination of lipid content (% CDW) in the biomass was performed by the method of Bligh and Dyer (1959) which was further modified by Zhang et al. (2011) . Volumetric lipid efficiency was also calculated, and the mean quantity of lipids produced by 1 L of the medium was assessed.
Determination of fatty acid methyl esters was conducted using a gas chromatography technique coupled with a flame ionization detector (GC-FID TRACE 1300, Thermo Scientific) after prior acid methylation to methyl esters. Methylation and chromatographic procedures were conducted according to Gientka et al. (2017) , and the identification of methyl esters was carried out on the basis of retention times of standards present in the mixture (GLC 461 Nu-Chek Prep., Inc., USA).
Calculation of Biodiesel Properties
The unsaturation degree (UD) was theoretically estimated based on the following equation: UD = (1% MU + 2% DU + 3% TU )/100, where % MU is the percentage of weight of the mono-unsaturated methyl esters, % DU is the percentage of weight of the diunsaturated methyl esters, and % TU is the percentage of weight of the tri-unsaturated methyl esters (Pinzi et al. 2011) . The cetane number (CN) was estimated by CN = ΣX ME CN ME , where X ME is the weight percentage of each methyl ester and CN ME is the cetane number of individual methyl esters (Ramos et al. 2009 ). The equation length of chain (LC) = R(nC n c n ), where nC n is the number of carbon atoms of each fatty acid and c n is the percentage of the weight of each methyl ester containing this fatty acid (Pinzi et al. 2011) , describes the LC of the biodiesel. The low caloric value (LCV) was estimated by LCV = 29,385.4 + 486.866 LC − 387.766 UD (kJ kg −1 ) and viscosity (μ) by μ = − 1.8327 + 0.209794 LC + 0.738911 UD + 0.0166791 LC 2 − 0.16336 LC UD + 0.335547 UD 2 (mm 2 s −1 ). Flash point (FP) was estimated by FP = 1008.48 − 136.166 LC + 142.578 UD + 5.14811 LC 2 − 10.6906 LC UD + 9.26352 UD 2 , also according to Pinzi et al. (2011) .
Statistical Analysis of the Results
All values are means of three separate experiments. The results obtained were statistically analyzed by analysis of variance (ANOVA) using the STATISTICA V.13.1 program (StatSoftPolska Sp. z o.o., Kraków, Poland). Significance of differences between means was determined using Tukey's test at α = 0.05 level of significance.
Results
Identification
Most species of yeasts can be directly identified using ITS region sequence analysis, and these sequence data have been submitted to the GenBank databases under accession number MH094668. ITS region analyses confirmed that the yeast strain isolate was a T. domesticum. The origin contained 479 bp (Table 1) , which are 100% identical to GeneBank deposited sequences of T. domesticum CBS 8280, syn. Apiotrichum domesticum (Scorzetti et al. 2002; Vu et al. 2016) , and T. domesticum CMCC O.2 strains. The application of IGS sequence analysis to the identification of species of Trichosporon proved very successful for Sugita et al. (2002) . The isolated strain was deposited in Polish Collection of Microorganisms as T. domesticum PCM 2960.
Biofilm Formation
LB medium used in the experiment concerning the ability to form biofilms contained yeast extract 50 g L −1 , peptone 10 g L −1 and NaCl 10 g L −1 . The growth of the isolated strain in the LB medium was abundant (OD 600 1.663 ± 0.132). The biofilm formation ability of T. domesticum PCM 2960, as absorbance readings, was 0.630 ± 0.035 (data not shown). That level of biofilm formation by a strain is substantially low. IturrietaGonzález et al. (2014) sought to correlate the capability of strains to biofilm production based on the total range of crystal violet quantifications. Their study showed that this capability was exhibited by over 60 pathogenic isolates of Trichosporon. The authors categorized yeast producers as follows: low capability for biofilm production (A 570 < 1), medium (A 570 ≥ 1.01 to 2.499) or high (A 570 ≥ 2.5).
Biomass Yield and Lipid Content
The most preferred source of carbon for biomass yield and the synthesis of lipids in YP media was glucose. On the 3rd day, lipid content was 15% CDW and over the next 24 h this increased to over 27% CDW (Fig. 2) . The lipid content (over 20% of dry matter) qualifies the isolated T. domesticum PCM 2960 strain as being oleaginous. The use of glycerol in YP media resulted in lower final biomass yield and lower lipid content (20.5% CDW). Since biomass yield and lipid content were the highest after incubation in medium with glucose, the lipid yield in this case was significantly the highest and exceeded 5 g L −1 .
The T. domesticum PCM 2960 strain was able to grow in media based on DPW (Fig. 3) . In flask culture, the biomass yield after DPW incubation was lower compared to YP media. The growth of the strain was most effectively promoted by the presence of glycerol, and the biomass yield reached over 11 g L −1 after 96 h of cultivation. The highest content of lipids (almost 28% CDW), resulting in a 2.75 g L −1 lipid yield, was found after culturing with glucose. Despite having the largest biomass yield, glycerol did not have a positive effect on lipid biosynthesis and a low content of lipids (about 20% CDW) was observed. Consequently, lipid yield was significantly lower: 2.38 g L −1 .
Bioreactor cultivation with DPW supplemented with glucose resulted in a significant increase in the biomass yield and an increase in the lipid content ( Table 2 ). The final content of lipids was 33% CDW, and as a consequence, lipid yield exceeded 4.8 g L −1 .
The lipids of T. domesticum PCM 2960 biomass were characterized by a high content of linoleic acid ( Δ9,12 C18:2), oleic acid ( Δ9 C18:1), palmitic acid (C16:0), and α-linolenic acid ( Δ9,12,15 C18:3) (Table 3) . During the period of culturing, an increase in the C16:0, C17:0, C18:0, and C18:2 ratios was observed. Compared to the flask cultures, the lipids from the bioreactor had a higher polyunsaturated fatty acid (PUFA) content and a better ω-6:ω-3 ratio.
Discussion
Identification
Genetic analysis led us to the conclusion that the strain isolated from kefir should be classified as T. domesticum. The yeast species Trichosporon syn. Apiotrichum is included in the family Trichonosporonaceae, order Trichosporonales, class Tremellomycetes, subphylum Agaricomycotina, and phylum Basidiomycota in the Fungi kingdom (NCBI-Taxonomy).
Trichosporonales and Tremellales are currently recognized as being Tremellomycetes based on their phenotypic and phylogenetic properties (Liu et al. 2016 ). However, according to the Integrated Taxonomic Information System (ITS), Trichosporon genus is included in the order Tremellales. The separation of Trichosporonales from Tremellales still remains a matter of debate (Hibbett et al. 2007; Millanes et al. 2011; Liu et al. 2016 ).
The occurrence of T. domesticum yeast in kefir samples had not thus far been reported. To date, Trichosporon strains have been found in food products several times. Traditional fermented Mongolian cow's milk features a wide range of yeast species, including the Trichosporon gracile strain (Bai et al. 2010) . T. domesticum and T. lactis have been found in bryndza cheese made from raw sheep's milk with no special starter culture (Laurenčík et al. 2008; Pangallo et al. 2014 ). Bryndza cheese is a traditional soft spreadable dairy product in Slovakia and is similar to those produced in surrounding countries, such as Poland, Czech Republic, or Ukraine. The yeast T. domesticum is also present in the ripening ewe's milk cheeses (commercial semi-hard cheeses produced in the spring season with raw milk and bacterial starters) produced in a small traditional dairy in Mediterranean Spain (Padilla et al. 2014) . Trichosporon gracile and T. ovoides have been isolated from artisanal cheese (white pickled Serbian and fresh soft Croatian cheese), while T. quercuum has also been isolated from white pickled Serbian cheese. Authors have indicated that these artisanal cheeses are produced in poor hygienic conditions (Golić et al. 2013) . T. asahii is present during chhurpi production-a traditional cheese prepared from buttermilk and popular in northeastern India. The absence of these yeasts in prepared (finished) products has been attributed to the heating step during chhurpi production (Rai et al. 2016) . It seems reasonable to note that dairy products are a good environment for growth of Trichosporon strains. This confirms our successful isolation of a yeast strain representing Trichosporon genus from natural kefir.
Fermented vegetable-based food can also be a source of Trichosporon species. T. asahii are the main yeast species in mashita (Ongol and Asano 2009) . Mashita is a traditional fermented butter-like product used for Ghee production in western Uganda. T. asahii strain with killer activity has been isolated from tempeh (Malaysia) (Lim and Tay 2011) . T. asahii has also been found in fura, which is a spontaneously fermented pearl millet product consumed in West Africa (Pedersen et al. 2012 ). Fermented pepper is one of the traditional Chinese fermented vegetables that can also contain Trichosporon yeast (Zhao et al. 2016) . 
A Biofilm Formation
Studies addressing virulence factors in Trichosporon spp. have been undertaken by Karashima et al. (2002) and Fonseca et al. (2009) , and these have been targeted at an analysis of glucuronoxylomannan (GXM). GXM is a well-described virulence factor of pathogenic yeast species in the Cryptococcus and Trichosporon genus. However, trichosporal and cryptococcal GXMs manifest major structural differences (Fonseca et al. 2009 ). Cell wall and soluble polysaccharides were isolated from the type strain of T. domesticum. The fractions contained O-acetyl groups, which contributed to their serological reactivity. The polysaccharide has an α-(1.3)-D-mannan backbone with hetero-oligosaccharide side chains consisting of a 2-O-substituted β-D-glucuronic acid residue bound to O-2 of the mannose residue, β-D-xylopyranosyl residues located in the middle of the side chain, and a non-reducing terminal α-L-arabinopyranosyl residue bound to O-4 of xylose. The mannan backbone is O-acetylated at O-6 of the mannose residues (Ichikawa et al. 2001) . Protease and phospholipase production and hemolytic activity are other yeast virulence factors (Sun et al. 2012 ). Biofilm formation is also an important property of pathogenic yeast that helps to cause many types of infections (Messier et al. 2011) . Biofilm infections are rather difficult to treat, and they also limit the penetration of antimicrobial drugs or antibodies. Therefore, the ability to produce biofilm can be regarded as a criterion for the pathogenicity of a yeast. The ability of T. domesticum PCM 2960 strain to form biofilm is low. It is lower than the biofilm formation activity of the pathogenic strains of Trichosporon spp. obtained from different patients by Iturrieta-González et al. (2014) . Therefore, the assertion seems to be validated that T. domesticum does not meet this criterion of pathogenicity.
Biomass Yield and Lipid Content
Glucose was the source of carbon which most effectively stimulated lipid biosynthesis by T. domesticum PCM 2960. The strain is able to assimilate lactose and glycerol which also means that it has a great potential to aid the biotechnological utilization of whey or crude glycerol. The latter is a waste produced during the production of biodiesel and increases in the amount of this waste is a challenge for the development of this fuel. Undoubtedly, however, crude glycerol could be a low-cost carbon source for lipid biosynthesis. Use of crude glycerol as the sole carbon source has led to the maximum lipid content and lipid yield for T. fermentans CICC 1368 and T. cutaneum AS 2.0571 strains: 32.4%, 5.2 g/L, and 32.2%, 5.6 g/L, respectively (Liu et al. 2017) . The maximum content obtained in our study was 19.85% CDW after incubation with DPW and glycerol. Therefore, further optimization of the medium composition and culture conditions should increase the lipid biosynthesis efficiency. The final content of lipids in T. domesticum PCM 2960 biomass after bioreactor incubation with DPW with glucose was 33% CDW and as a consequence lipid yield exceeded 4.8 g L −1 . T. fermentans CICC 1368 showed low lipid accumulation on pure molasses, but enzymatic hydrolysate supplementation of sweet potato vines increased lipid content (Shen et al. 2015) . Inulin can be directly utilized by T. cutaneum for microbial lipid fermentation without a hydrolysis step and 4.79 g/L of lipid has been produced from 50 g/L inulin . The lipid productivity of the T. domesticum strain in DPW medium is similar to that for those cited.
Although the carbon source is a determinant of lipid biosynthesis, nitrogen is also a factor that influences it. By choosing an easily digestible source of nitrogen, a large biomass yield can be expected, and rapid nitrogen utilization from the medium accelerates the start of lipid accumulation. In our previous research, we demonstrated that the use of DPW for the cultivation of Candida and Rhodotorula yeast and for obtaining valuable metabolites, such as β-glucans, proteins, lipids, and carotenoids, is possible. DPW is a good source of available forms of nitrogen, and it is also a source of phosphorus, potassium, magnesium, and other micronutrients necessary for the growth of yeast (Bzducha-Wróbel et al. 2015; Gientka et al. 2017; Kot et al. 2017) .
High yeast lipid concentrations and productivity can only be attained if a high yeast cell density is achieved during the growth phase. High yeast cell density can only be achieved in appropriately selected bioreactors. Bioreactor cultivation resulted in a significant increase in biomass yield of T. domesticum PCM 2960 and an increase in the lipid content. It is expected that further work on lipid biosynthesis optimization during bioreactor culturing with the isolated strain will result in increased lipid yield.
A high content of linoleic acid ( Δ9,12 C18:2), oleic acid ( Δ9 C18:1), palmitic acid (C16:0), and α-linolenic acid ( Δ9,12,15 C18:3) was observed in T. domesticum PCM 2960 lipids during incubation with DPW and glucose. However, T. fermentans CICC 1368 lipids produced on molasses-based media contained stearic (C18:0) and linolenic acids (C18:3). Oleic acid (C18:1) was only be detected at low levels in sugar-based media and was not detected after incubation with glycerol (Shen et al. 2015) . Three major fatty acids of the same strain of oils obtained from medium with fructose were palmitic acid (16:0), stearic acid (18:0), and oleic acid (18:1), and these three fatty acids accounted for over 95% of the total fatty acids (Bao et al. 2018) .
The possibility of using microbial lipids is determined by fatty acid composition. Two dominant applications must be considered. One of these is an approach that can be called nutritional or food technology implementation. Microbiological lipids may be a substitute for valuable plant oils or animal fats, especially rarely occurring fatty acids. The second approach is the possibility to use microbiological lipids for technical purposes. Single cell oils can be a source for diesel engines after esterification reactions.
Among the bioactive components of oils, a key role is played by PUFAs because of their important role in the prevention of metabolic diseases. According to specialist recommendations in the field of human nutrition, the amount of PUFA in the diet should be increased. Among these acids, in addition to linoleic acid ( Δ9,12 C18:2) and long-chain polyunsaturated fatty acids (LC-PUFA), the following play an especially important role: α-linolenic acid (ALA, Δ9,12,15 C18:3) and γ-linolenic acid ( Δ6,9,12 C18:3), which belong to two biochemically different families, n-3 and n-6, respectively. Recently, particular emphasis has been placed on the important physiological and pro-health roles of n-3 acids, especially in the prevention of diseases of the circulatory system. According to health recommendations (Simopoulos 2011), a favorable ratio of ω-6 to ω-3 for fatty acids from edible oils would be 2:1. The ratio of these fatty acids in the lipids obtained from the biomass of T. domesticum PCM 2960 yeast strain cells after cultivation in the medium DPW with glucose is 7.4:1, which is close to the characteristics of olive oil (9:1).
Fatty acid desaturase activity may be estimated by the calculation of the ratios of desaturase product to the substrate (Fakas et al. 2009 ). The high C18:1/C18:0 ratios (3.52-3.83) compared with the C16:1/C16:0 ratios (0.03-0.08) during T. domesticum PCM 2960 incubation with DPW may suggest important Δ9 desaturase activity that has a better affinity for fatty acids with 18 carbon atoms than for those with 16 carbon atoms. Makri et al. (2010) and Gientka et al. (2017) demonstrated a high activity of Δ9 desaturase during the exponential phase of yeast growth. The high levels of C18:1/ C18:0 in Trichosporon lipids on the final culturing day should be explained by the further multiplication of cells. However, Δ9 desaturase activity decreases with the period of incubation, and an inverse relationship was observed for Δ12 desaturase.
The large content of unsaturated and mono-unsaturated acids in microbial oil mainly determines its biodiesel properties. Based on the fatty acid composition, the obtained fuel can theoretically be calculated. The results are shown in Table 3 . The cetane number of the biodiesel should have a minimum value of 54 according to EN 14214 (UE countries) or 47 according to ASTM D6751 (USA), because fuels with low cetane numbers tend to increase gaseous and particulate exhaust emissions (Knothe 2005) . The rather low cetane number of the SCO from Trichosporon means that it does not meet the expectations of either standard. The LCV of diesel fuel should be 43 MJ kg −1 (Oliveira and da Silva 2013) , and this is another important parameter of a fuel representing the amount of heat transferred to the chamber during combustion and indicates the available energy in a fuel (Demirbas 2008) . The flash points (FP) of biodiesel extracted from Trichosporon oils are at more than 122°C (according to EN 14214 and ASTM D6751), which means the yeast oil is safe to store (Pinzi et al. 2011) . The high predicted viscosity of the yeast oil after incubation with DPW medium means that it would meet the expectations of the American standard only. This result shows that the methylated esters of lipids from T. domesticum PCM 2960 yeast cultivated on DPW with glucose cannot be used as a biodiesel in diesel engines.
Conclusion
The results of our experiments confirmed that T. domesticum PCM 2960 isolated from kefir is an oleaginous yeast strain. Research on increasing the lipidogenic potential of the T. domesticum strain leading to the practical use of its oil should be continued. It is possible to focus strategies to enhance lipid productivity including optimization of temperature and oxygenation conditions, as well as genetic engineering, and metabolic engineering toward intracellular lipids enrichment with PUFAs. Our study confirmed the possibility of the application of DPW supplemented by a carbon source in SCO synthesis by T. domesticum PCM 2960 yeast.
Starch processing plants should be interested in simultaneous valorization of DPW and yeast biomass, which could increase their profits by expanding the range of ecofriendly feeding products rich in lipids.
